After the detection of structure in the microwave sky, the characterization of the observed features may be a useful guide to current and future experiments. The first year COBE DMR sky maps were analyzed in order to identify the most significant hot and cold spots. The statistical significance of potential spots of cosmic origin was evaluated with Monte Carlo simulations. The area, eccentricity, and location of the most significant spots are given.
INTRODUCTION
Anisotropies in the cosmic microwave background (CMB) at large angle scales have been detected by the Differential Microwave Radiometers (DMR) on board the COBE satellite [1, 2] and by the FIRS experiment [3] . Identifying and characterizing hot spots becomes now more relevant, and experiments (such as TENERIFE) can design survey strategies so as to look for a particular hot spot. Knowing the geometry of hot spots may also be of great potential for testing the 'mixing of geodesics' effect [13] . However, due to the low signal-to-noise ratio on the DMR maps, what appears as a hot spot is not necessarily a legitimate hot spot (i.e. one of cosmological origin or one that can be attributed to a local source).
In an ideal experiment, with noiseless instruments, a radiometer looking at the CMB fluctuations should see hot regions which behave as unresolved sources. It has been suggested that even noise limited experiments may observe the hottest spots [4] . The expected number density of these hot spots and their geometric characteristics have been derived for 2D homogeneous Gaussian random fields [5, 6, 7, 8, 9, 10, 11, 12] .
The excursion set of a random temperature field is the domain of all points in which the field takes on values T ≥ T ν = νσ, where σ and ν are the field standard deviation and threshold, respectively. For high threshold levels (ν > 1), the excursion set is characterized by non-connected regions (hot spots) whose shape approaches a circle as the threshold increases. Similarly, a cold spot can be defined as the region where the temperature takes on values T ≤ −T ν . A negative σ is used to indicate these cold spots.
ANALYSIS
Data from the 53 and 90 GHz DMR radiometers, the two with the best sensitivity, were used. The maps were scaled to thermodynamic temperature, the dipole was fitted and removed, the 2µK kinematic quadrupole was removed, and finally the maps were Gaussian smoothed (θ s = 2.9
• ). A comparison of the fitted dipole and quadrupole with the results of Smoot et al. [2] provided a test for the integrity of the data and the analysis software. The contribution of the galaxy is taken into account by excluding the equatorial band |b| ≤ 20
• , where b is galactic latitude. After galactic cut 65% of the sky remains available for analysis. Sum (A+B) and difference (A-B) maps are the sum and difference of the two DMR maps at each frequency. Galactic and cosmic signals cancel out in the (A-B) maps. The mean temperature is subtracted after galactic cut. The resulting temperature standard deviation of the 53 and 90 sum maps are 51 and 69 µK respectively. Only spots that appear at a threshold |ν| ≥ 2.3 were studied.
Hot and cold spots on DMR maps were analyzed by an algorithm that relies on the formation of tree data structures on binary maps [14, 15] . The statistical significance of a spot is estimated by means of Monte Carlo simulations that take into account instrument noise, sky coverage, pixelization scheme and the DMR beam characteristics [15] . The location of a hot spot is given by the coordinates of the barycenter of the spot. The 'eccentricity' parameter, ǫ, is defined as the ratio of the distances from the center of the spot to the closest and furthest points along its contour. This parameter coincides with the eccentricity of elliptical patterns for large thresholds, but has no straightforward interpretation at low thresholds where contours are highly convoluted. Shape information for spots smaller or equal than a pixel is lost, and a value of 1.0 is automatically assigned to its area and eccentricity. Areas are given in pixel units, which for DMR are 4π/6144 ≈ 2.6
• × 2.6
• per pixel. Simulated sky maps of the microwave sky were generated using a spherical harmonic expansion for the sky temperature, ∆T /T = Σ ℓ Σ m a ℓ,m W ℓ Y ℓ,m , with Gaussian random coefficients a ℓ,m of zero mean and model dependent variance. The weights W ℓ for DMR given by Wright et al. [16] were used. Noise, determined by instrument sensitivity and the number of observations per pixel, is included in the simulations.
With a power spectrum of primordial density fluctuations P (k) ∝ k n , the variances of a ℓ,m can be determined [6] . Figure 1 shows the number of spots for the DMR 53 (A+B) data and Monte Carlo results for noise and for a n = 1 model normalized to a quadrupole of 16 µK. From Fig. 1 it is clear that the number of spots descriptor of the DMR data is in good agreement with the presence of cosmic signal. Some of the spots on DMR maps must therefore be cosmic. Even though it is not possible to say whether a spot is real or not, one can assign a statistical significance to each spot using its height information in combination with the number of standard deviations that its area deviates from the expected area of spots on noise maps. The spot mean area and variance in noise maps are found with Monte Carlo simulations.
Due to noise alone, hot spots can appear on DMR maps. However, by the superposition of two or three maps, the probabilities of finding the same 'noise spot' in all maps is substantially reduced. Let a ν,i denote the total area of the excursion set of map i at threshold level ν. The intersection area of the excursion set of two maps, A ν,ij = a ν,i ∩ a ν,j , is a quantity that can be used to indicate the presence of cosmic spots on a map.
Monte Carlo simulations of skies as seen by DMR, if no cosmic signal was present, were used to estimate A ν,ij for noise alone. Figure 2 shows the intersection area with threshold for the superposition of the 53 and 90 sum and difference maps and the Monte Carlo data for simulations of noise. For large thresholds (> 1.5σ) the statistics is low, but for small ν there is a significant and systematic deviation of the (A+B) data from what would be expected for noise. There are small differences among the Monte Carlo data and the (A-B) points in Fig. 2 . These can be attributed to the sensitivity of A ν,ij to the level of smoothing of the maps, which depends on beam dilution (not taken into account in the Monte Carlo simulations) and the inaccurate estimation of beam smearing (due to spacecraft drift during the 1/2 second observation time). If the (A-B) points of Fig. 2 are used as an estimate of the expected A ν,ij for noise, and in addition the Monte Carlo error bars are used, one finds that the excursion set intersection area of the 53 and 90 (A+B) maps is 4.7, 3.1, and 1.7 standard deviations higher than expected for noise at threshold levels 1.5, 1.75 and 2.0 respectively.
The area, location and eccentricity of the most significant hot and cold spots are in Tables I and II . The spots are ordered according to a 'significance parameter' defined as S = ν |ν|s ν , where s ν is the number of standard deviations the spot area deviates from the mean spot area of noise maps at threshold ν. If s ν < 1.0 it is set to 1.0 when computing S. No absolute meaning should be given to S, it is only an assessment of the relative probability that a spot may be of cosmic origin. With the four year DMR data the signal-to-noise ratio will be greater than one, thus cosmography will become even more relevant, and it will be possible to confirm or discard the identified spots. Bennet et al. [17] have shown that the features on the first year maps are not correlated with known astronomical sources, thus if the spots are real, their most likely origin is cosmic. 
